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　　　　　The　properties　ofLa－Sr－Mn－Cr－O　system　have　been　investigated　to　search£or　a　new　air

electrode　material　of鋤lid　Oxide　Fuel　Cells（SOFC）having　chemical　an（1morphological

stabilities。Measured　sintering　behavior　of　La（Mn，Cr）03at1773K　in　air　showed　that　Cr

doping　to　LaMnO3is　effective　in　increasing　morphological　stability。X．ray　d欝ractometric

results　confirmed　no　reaction　between　Yttria　Stabilized　Zirconia（YSZ）and（La，Sr）1．z

（Mn，Cr）03afterheatedat1773Kfbr5hinair．　Electricalconductivitiesofthesintered

samples　were61。9Scm－1and473Scm－1at1273K　in　air　for（Lao．g2Sro．08）MnO3and
（Lao．g2Sro．08）（Mno．88Cro．12）03，respectively。Although　overvoltage　of（Lao．g2Sro．08）o．g1MnO3

air　electrode　increased　from　O．09V　to　O．25V　at1、O　A／cm2a丘er　a　high　temperature　treatment

（about1673K），this（1egradation　was　minimized　with　Cr　doped　electrodesl　that　is，overvoltage

of（Lao．g2Sro．08）o．g1（Mno．88Cro．12）03changedfrom　O，13V　to　O。18V　at1．O　A／cm2。These　results

have　suggested　that（La，Sr）1．z（Mn1－yCry）03（0くy≦02）is　one　of　apPropriate　air　electrodes

which　can　be　used　especially　in　a　co－firingfabrication　ofSOFC．

　　　　　　　　　　1　1NTRODUCTION

　　　Solid　Oxide　Fuel　Cells　（SOFC）　can　be

classified　in　terms　of　their　structures　into

tubular，planar　and　honeycomb　types．Among
them，αplanar　SOFC　will　be　the　most　suitable　fbr

large　power　plant　utilization　because　the　higher

power　density　can　be　expected．Furthermore，

we11－established　ceramic　processing　methods

such　as　tape　casting　method　can　be　applied　to

血bricate　planar　SOFC　components　cheaply　and

easily．

　　　Recently，some　attempts　have　been　made　to

produce　composite　plates　consisting　of　ano（le（Ni－

YSZ）1electrolyte（YSZ）1cathode（La（Sr）MnO3）1
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separator（LaCr（Mg）03，La（Ca）CrO3）by　co－firing

of　multilayer　tape　cast　films1－2）．In　this　process，

sinteringat　a　rather　high　temperature（＞1673K）

isrequiredtodenst触electrolyteandseparator

filmsl　however，such　a　high　temperature

treatment　causes　degradation　of　perfbrmance　of

lanthanum　manganite　air　electrode。This　is　due

to　the　fbrmationofpoorlyconductive　compounds3－

4），La2Zr2070r　SrZrO3，by　reaction　with　Yttria

S由bilized　Zirconia（YSZ），and　also　due　to　the

morphologicalchange，

　　　Recently，Yokokawa　et　al．5）reported　that　the

reaction　of　LaMnO3and　YSZ　originates　ffom　the

thermodynamic　nature　of　LaMnO3having　A－site

deficiency6）。Their　thermodynamic　analysis

predicts　that　to　avoid　the　reaction　with　YSZ，

substantially　A－site　deficient　manganites，

（La，Sr）1．zMnO3（z＞0）may　be　preferential．

However，preliminary　experimental　results

showed　that　although　substantially　A－site

deficient　manganites　actually　di（l　not　react　with

YSZ，their　sinterability　was　fbund　to　be　higher
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than　that　of（La，Sr）MnO3．In　order　to　repress　the

reaction　with　YSZ　without　loosing　the　porosity　of

an　electrode，some　imprQvement　can　be　expected

by　a　so　calle（1‘materia1－design’approach　based　on

substitution　by　other　metals　to　B　site　as　well　as　A

site　ofthe　perovskite　structure，As　possible　B　site

substituents，transition　metal　ions　will　be

appropriate　from　viewpoint　of　the　electrical

properties。However，Yokokawa　et　aL7）reported

that　all　lanthanum　transition　metal　perovskites

（LaMO31M＝transitionmetals）shouldreact
with　YSZ　at1273K　except　for　Mn　and　Cr，

Fortunately，1anthanum　chromite（LaCrO3）is

known　to　be　m－sinterable8）．　After　these

consideratiQns，westartedtoinvestigateair
electrodes　made　of（La，Sr）CrO3and（La，Sr）MnO3．

In　this　paper，sintering　property，electrical

conductivity　and　electrode　catalytic　activity　of

the（La，Sr）MnO3一（La，Sr）CrO3perovskites　are

reported．

　　　　　　　　　　2EXPERIMENTAL

2．1Prep段ration

　　　Sample　powders　were　prepared　by　two

methods，One　is　an　usual　powder　mixing　methodl

powders　of　La203，SrCO3，MnCO3and　Cr203
were　weighed　in　selected　proportions　and　milled

fbr12h　with　ethanoL　After　being　dried，the

mixed　powders　were　pre－baked　at1273K　fbr10h

in　air，reground　and　baked　at1523K負）r5h　in

air、The　second　preparation　was　made　by　nitra．te

methodl　aqueous　solutions　ofLa（NO3）3，Sr（NO3）2，

Mn（NO3）2and　Cr（NO3）3were　mixed　in　selected

proportions，and　poured　into　ethanol　solution　of

oxalic　acid．The　compQnents　of　La，Sr　and　Mn

were　co－precipitated　as　oxalic　saltsl　however，the

Cr　component　was　not　co－precipitated　completely

in　this　stage，and　therefore　it　was　precipitated

a銑er　drying　up　the　solution　by　blowing　air　at

room　temperature．After　organic　compounds

were　bumt　at773K　fbr5h，samples　were　milled

for12h　with　ethano1，reground　and　baked　at1273

K　twice　fbr20h　in　air．The　sample　powders　ma（1e

by　the　first　powder　mixing　method　were　used　in

measurementofshrinkage　and　those　made　by　the

second　method　were　used　to　measure　electrical

conductivities　and　electrode　catalytic　activities．
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2．2S血わe血g　behavior

　　　The　samples　were　ground　and　pressed　into

pellets（40mm　in（liameter）at85MPa．The
sinterability　of　La1．xSrxMn1．yCryO3was　evalu－

ated　from　observed　shrinkage　after　sintered　at

1773Kfbr2hinairltheshrinkagewas（leter－
minedδs（10－1）110，where　lo　and　l　are　initial　and

丘nal　length，respectively．

2。3E：lectr置cal　conductivity

　　　After　sample　powders　were　sinteredat1773K

for2h，they　were　cut　into　a　rectangular　shape

（about　O．3cm×0．3cm×2．O　cm）．Electrical

conduc七ivities　were　measured　by　four　terminal

method。After　fbur　platinum　terminals　attached

using　platinum　paste，they　were　baked　at1273K

£or　l　h。Measurements　were　made　in　air　in　the

temperature　region　of973－1373K．

2．4Electrodeperformance
　　　The　sample　powders　were　coated　on　sintered

pellets　of　YSZ（TOSOH，TZ－8Y；8mole　percent

Y203）so　that　diameter　of　an　effective　electrode

area　is　about6mm．They　were　baked　at　selected

temperatures　from1423to1773K　in　air，
Electrical　polarization　measurements　were　made

using　current　interruption　technique9）at1273K

in　air　after　passing　su鐙cient　electric　currents．

　　　　　3　RESUITSAND　DISCUSSlON

3。1CrystalstructureofLa（Mn，Cr）03

　　　LaMnO310）　and　LaCrO311）　have　the

perovskite　structure（ABO3）in　which　A　sites　are

occupiedbyLa3＋ions，BsitesbeingMn3＋1Mn4＋

ions　or　Cr3＋！Cr4＋ionsl　LaMnO3has　the

hexagonal　structure　and　LaCrO3is　orthorhombic

at1273K　in　air．

　　　Analysis　on　X－ray　d欝ractometric　pattems　of

the　pseudobinary　system　clarified　that　all　peaks

observed　can　be　ascribed　to　lines　associated　either

with　hexagonal　perovskite　structure（0≦y≦0．3）

or　with　orthorhombic　perovskite　structure

（0．4≦y≦1．0）l　no　peak　was　observed£or　other

phases。　lt　can　be　thus　concluded　that　La（Mn1．

yCry）03fbrms　solid　solutions　over　the　whole

compositionrange　ofy．The　phase　transfbrmation

from　the　hexagonal　to　the　orthorhombic　sym－

metry　was　observed　in　the　vicinity　ofO，3≦y≦0．4．

Thisagreeswitkrece且texperimentalresults
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by　Anderson　et　a1．12）．Figure　l　shows　the　lattice

parameters　of　LaMn1．yCryO3having　the
hexagonal　symmetry　as　a　function　of　Cr　content

（y）．With　increasing　Cr　content，the　lattice

parameters　a　and　c　gradually　decreased　because

the　Cr3＋ion　radius　in　the　octahedral　site（0．0615

nm）is　smaller　thanもhat　of　Mn3＋ions　（0．0645

nm）．In　Fig．1，the　closedcircles　represent　the
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Fig．1　　The　lattice　parameter　as　a　function　of　Cr

content（y）．
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A－site　deficient　perovskite，LaO．91MnO3，　Its

lattice　parameters　are　larger　than　those　ofnon　A．

site　deHcient　LaMnO3．

3・2Shlterhlg　behavior　of（La，Sr）（Mn，Cr）03

　　Figure2shows　observed　shrinkage　of　LaMn1．y

CryO3　pellets　after　heated　at1773K　for2h　in

air．The　sinterability　decreased　with　increasing

CrsubstitutionatBsites，ltshouldbenotedthat

remarkable　decrease　in　shrinkage　was　observed

with　only　a　small　amount　of　Cr　doping（region　I：

0≦y≦0．1）．In　region　II（0．1くy≦0．4），shrinkage

was　in（lependent　of　Cr　content．　In　region　III

（0。4くy≦1．0），shrinkage　decreased　linearly　with

Cr　content　and　finally　apProached　almost　zero　at

y＝1，namely　LaCrO3．Since　cathodic　polariza．

tion　of　lanthanum　chromite　is　quite　large13），

heavy　Cr　doping　will　not　be　appropriate　fbr　an　air

electrode．Thus，further　investigations　have　been

made　mainlyin　the　composition　regionI，

　　　Since　alkaline　earth　ions　are　usually　doped　in

LαMnO3－based　air　electrode　to　enhance　the

electrical　conductivity，sintering　shrinkage　of　the

（La1．xSrx）（Mn1．yCry）03system（0≦x≦0，2，

0≦y≦02）was　examined　in　detailsl　results　are

summarized　in　Fig，3as　a　function　of　Cr　content

（y）withaparameter　ofSr　content（x）．For　each　Sr

content，the　common　tendency　can　be　seen　in　Fig。

31that　is，the　high　Cr　doping　lowers　shrinkage．

This　feature　is　not　in且uenced　by　Sr　substitution，

Note　that　when　Sr　is　doped　to　lanthanum

mαnganites，La1．xSrxMnO3，the　sinterability

initially　decreased　with　increasing　Sr　substitu－

tion　in　the　region　of　O＜x≦0。08，and　in　the　region

ofx〉0。08，in　tum　increased，Thus，the　sma11est

shrinkage　was　obtaine（1at　the　Sr　content　around

O．04≦x≦0．08．This　behavior　seems　to　relate　to

changes　in　vacancies　of　cations　and　oxygen　ions，

althoughdetails　remainuncertain．

3．3Read直on　with　YSZ

　　　Yokokawa　et　aL5）suggested　from　thermo－

dynamic　analysis　that　the　stoichiometric　La1．x

SrxMnO3should　react　with　YSZ　even　at1473K，

whereas　substantially　A－site　deficient（La，Sr）1．z

MnO3donotgiverisetoreaction．Wetriedtocon．

五rm　it　experimentally．After　lanthanum　manga－

nites　were　mixed　with　YSZ，they　were　baked　at
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hightemperatures（above1273K）inαir、Wecon－

firmed　by　X－ray　d遜ractometry　that　the　stoichio．

metric　lanthanum　manganite　reacted　with　YSZ

at1473K　fbr5h　and　the　A－site（leficient　lantha－

nummanganite　didnotreact　at1773K　fbr5h．

　　　We　also　investigated　the　reaction　of　ill－

sinterable　Cr　dope（l　lanthanum　manganite　and

YSZ。Reactivity　of（La1，xSrx）（Mn1、yCry）03and

YSZ　changed　noticeably　on　Cr　doping．　The

chromium　doped　manganites　without　A－site

deficiency（xニ0．2，0．08≦y≦0．2）didnotreact

with　YSZ　at1473K　fbr5h　in　air．A－site　deficient

perovskites（La1－xSrx）o，91（Mn1－yCry）03（lid　not

react　even　at1773K£or5h，neither，

3，4Electric＆藍conductivity

　　　The　temperature　dependence　of　electrical

conductivities　of　AMn1－yCryO3（A＝Lao．g2Sro．08）

is　shown　in　Fig．4，

　　　For　the　case　of　y＝0，the　electrical　conduc－

tivity　ofAMnO3was　metallic，whereas　the　A－site

deficient　perovskite，Ao．g1MnO3，exhibited　semi－

conductive，　Note　however　that　the　electrical

conductivities　of　Ao．g1MnO3were　af壬bcted　by　its

phase　transformation　around1423．K　Above　that

temperature，Ao．91MnO3has　the　orthorhombic

symmetry，and　undergoes　the　transfbrmation　to

the　hexagonal　phase　about1423K，　This　trans－

fbrmation　was　co㎡irmed　by　d榔erential　thermal

analysis　and　X－ray　analysis．Since　this　trans－

formation　proceeds　slowly，the　electrical　conduc－

tivitiesofthe　orthorhombicphase　were　measured
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even　below1423K　as　shown　in　Fig．4（closed

circles）∋electrical　conductivities　represented　by

open　circles　were　determined恥r　samples　after

being　well　annealed．

　　　In　the　region　of　Oくy≦0。2，heavy　Cr（loping

decreased　the　electrical　conductivity．　Table　l

shows　electrical　properties　and　relative　densities

ofthe　present　samples，（La，Sr）CrO3is　known　to

be　semiconductive，while（La，Sr）MnO3is　meta1．

1ic，This　leads　to　an　expectation　that　Cr　doping　to

AMnO3may　cause　some　IGwering　ofthe　electrical

conductivities．Observed　lowering　of　electrical

conductivity　was，however，not　drastic，On　the

other　hand，the　relative　densities　of』the　present

samples　given　in　Table　l　show　a　good　correlation

with　the　observed　electrical　conductivities．Since

the　relative　densities　of　the　present　samples　are

rather　sma11，further　investigations　should　be

needed　to　clar鐙y　e岱ects　of　Cr　doping　Qn　electrical

COndUCtivitieS．

　　　It　should　be　noted　that　the　electrical

conductivity　changed　from　metallic　to　semicon－

ductive　on　heavy　Cr　doping（y≦0，08）。This　semi－

conductive　AMno．80Cro．2003exhibited　a　slight

change　in　temperature　dependence　to　the　semi－

conductive　Ao，g1MnO3．This　is　due　to　the　trans－

fbrmation　from　the　high－temperature　hexagonal

to　the　low－temperature　phase．This　transfbrma－

tion　was　confirmed　by　DTA　on　wel1－annealed

samples　just　below　the　transformation　tempera．

ture．Since　i七takes　a　long　time　to　undergo　this

transfbrmation　at　the　low　temperature（about923

K），electrical　conductivities　shown　in　Fig．4can　be

interpretedas　those　ofthe　mixe（lphases．

Table　l　Measured　electrical　conductivity　at

1273K，o，and　relative　density，　PIPo，負》r

AMn1、yCryO3（AニLao．g2Sro．08）．

Compound σ（Slcm）P／Po Conductive
mechanism

Ao．91MnO3
AMnO3
AMno．g6Cro．0403

AMno．88Cro．1203
AMno．84C「o．1603

AMno．80Cro，2003

116。7

61．9

68．4

47．3

33．5

40．6

91

70

75

70
63

68

semiconductive

metallic

metallic

semicQuductive

semiconductive

semiconductive
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3．5Electrodecataly樋cac恒vity

　　　The　DC　polarization　measurements　were

made　for　the　stoichiometric　perovskites2（La1．x

Srx）（Mn1．yCry）031these　samples　showed　poor

electrode　catalytic　activities．An　important　point

is　that　in　some　cases，electrodes　were　detached

from　YSZ　pellets　beeause　of　weak　bonding　bet－

ween　electrQde　and　YSZ　as　a　result　of　il1－sinter－

ability　ofelectrode　materials．For　comparison，we

also　measured　the　electrode　activity　of　A－site

deficient　lanthanum　manganite，（La1、x　Srx）o．91

（Mn1－yCry）03，which　was　co㎡irmed　to　be　more

sinterable　than　stoichiometric（La1．xSrx）（Mn1－y

Cry）03・

　　　Figure5shows　polarization　curves　of　Ao．g1

（Mno．88Cro．12）03and　Ao．91MnO3（A＝Lao．92

Sro．08）at1273K　in　air．When　Ao。g1MnO3was

baked　at　a　high　temperature（1673K）fbr4h，the

electrode　performance　considerably　degradedl

compare　O25V　at1。O　A／cm2with　O．09V　obtained

貴｝r　the　electrode　baked　at1423K食）r4h．This　is

apparently　due　to　the　change　in　morphology　of

electrode　duringthe　high　temperature　heat　treat－

ment．Observed　effects　of　Cr　doping　on　electrode

catalytic　activity　are　quite　interesting　from　the

viewpoint　of　the　morphological　stability．When

Cr－doped　Ao．91（Mno．88Cro，12）03was　compared

with　the　non　Cr－doped　sample，it　showed　lower

activities（0．13V　vs．0．09V　at1．O　A／cm2）£or1423

K，and　much　higher　activities（0．25V　vs．0．18V

at1。O　A／cm2）forbakingat1673K．This　indicates

that　the　Cr－doping　to　lanthanum　manganite　can

be　e錨ective　in　increasing　morphological　stability

during　high　temperature　heat　treatment．This

＞

＼
降

0．3

0．2

0．1

0

（LaoヨzSro　o8）09LMnO3

0　：Baked　at1423K，4h
　●　l　Baked　at1673K，4h

〔Lao卯SroD8）DglMno88Cro12Q3

⊂〉l　Baked　at1423K，4h
●＝Baked　at1673K，4h

　　　　　0　　　　　　　　0．5　　　　　　　　1．O

　　　　　　　　　　　　　　　J／A。cm 2

Fig。5　　Polarization　curves　of　Ao．g1Mno．88Cro．1203

and　Ao．g1MnO3（A＝Lao．g2Sro，08）at1273K

DENKI　KAGAKU

ef艶ct　of　keeping　the　electrode　porosity　would　be

apPropriaもe　for　fabricating　SOFC　by　co－firing

method　in　which　the　highest　temperature　wm　be

1673－1723K．

　　　　　　　　　　　4　CONCLUSION

　　　We　have　fbund　that　Cr－doped　manganites，

（La，Sr）1－z（Mn1－yCry）03（0＜y≦02），repressedthe

degTadation　of　electrode　activity　and　the　reaction

with　YSZ　on　high－temperature　baking．The

present　new　materials　provide　some　feasibihty　of

pro（lucing　SOFC　by　co－firing　process　in　which　air

electrodes　are　inevitably　heated　with　YSZ　at　high

temperatures，
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